Background Minor events that occur in the workplace sometimes are evaluated with MRI, which may reveal agerelated changes in the symptomatic body part. These agerelated changes are often ascribed to the event. However, evidence of similar or worse pathophysiology in the contralateral joint would suggest that the symptoms might be new, but the pathophysiology is not.
Questions/purposes Using a convenience sample of occupational injury claimants with bilateral MRI to evaluate unilateral knee or shoulder symptoms ascribed to a single event at work, we sought to determine whether MRI findings of the shoulder and knee are more often congruent or incongruent with new unilateral symptoms. Methods Two hundred ninety-four occupational injury claimants employed at companies throughout Texas that do not subscribe to workers' compensation insurance, who were older than 40 years, and with unilateral shoulder or knee symptoms, were studied. Starting in 2012, all patients seen by OccMD Group PA who present with unilateral symptoms ascribed to work undergo bilateral MRI, based on several previous occasions where bilateral MRI proved to be a compelling demonstration that perceived injuries are more likely age-related, previously well-adapted pathophysiology. MRI findings (anything described as abnormal by the radiologist; eg, defect size or signal change) was considered congruent if the abnormality of one or more structures on the symptomatic side was greater than that of the corresponding structures in the asymptomatic joint. Bivariate analysis was used to compare the frequency of MRI findings congruent and incongruent with symptoms. Logistic regression was used to evaluate factors associated with MRI findings of the shoulder or knee. Results Less than half of the patients with shoulder (90 of 189; 48%; p = 0.36) or knee (45 of 105; 43%; p = 0.038) symptoms had worse pathologic features on the symptomatic side. Older age was associated with disorders in the infraspinatus tendon (59 ± 8 versus 56 ± 8 years; p = 0.012), glenoid labrum (60 ± 9 versus 57 ± 8 years; p = 0.025), and biceps tendon (60 ± 8 versus 57 ± 8 years; p = 0.0038). Eighty-seven percent of patients (91 of 105) had structural changes in the medial meniscus described by the radiologist.
Introduction
Musculoskeletal disorders affect 127 million adults in the United States and are more prevalent than chronic circulatory or respiratory conditions in adults older than 18 years [21] . The burden of musculoskeletal conditions is especially apparent in the workplace; in 2014, 32% of workplace injuries and illnesses requiring time away from work were the result of musculoskeletal complaints [19] . In a recent study, the total annual cost of musculoskeletal disorders to the workers compensation system of Ohio was USD 3 billion [5] . Problems of the knee and shoulder are among the most frequent and costly workers compensation claims. Among single injuries in Maryland in 2010, knee and shoulder complaints constituted 12% of claims and more than 25% of costs [14] .
MRI is used to evaluate musculoskeletal disease, but normal age-related changes can be difficult to distinguish from acute changes that are the result of injury. Signal changes on MRI often are described using misleading words, such as ''tear,'' which imply an acute traumatic etiology [20] . However, these changes may simply reflect expected findings that occur with age in structures such as the triangular fibrocartilage complex in the wrist [9, 13] , rotator cuff in the shoulder [8, 15, 18] , and meniscus in the knee [1, 6] . These MRI abnormalities that are more common with advancing age are often present in patients with no symptoms or occur bilaterally in patients with unilateral symptoms [3, 4, 6, 10, 12, 22, 23] . When degenerative conditions become symptomatic in patients at work, they may be interpreted as work-related injuries. This presumption can be further reinforced by interpreting agerelated signal changes as damage and describing MRI findings using terms that imply trauma and injury (eg, tear). The effect of these MRI interpretations can be substantial given the influence these diagnoses have on insurance claims and litigation.
In Texas and Oklahoma, employers can choose not to subscribe to workers compensation and have their employees receive care under commercial insurance. One of us (MDT) is an occupational medicine physician who runs a company that helps direct and interpret medical care to optimize worker recovery and productivity and help manage indemnity issues. While one can describe the prevalence of age-related changes in the knee and shoulder on MRI, it has proved much more compelling to image both shoulders and both knees. The clear demonstration of the similar anatomy and pathophysiology makes it clear that new symptoms do not always indicate new damage. For several years it has been routine to order bilateral MR images in patients with shoulder and knee problems. That created a unique and useful dataset for study.
It is logical to expect that unilateral symptoms resulting from an injury attributable to an identifiable workplace event should exhibit worse pathologic features in the symptomatic joint. We therefore sought to determine (1) whether structural changes seen on MRI of the shoulder and knee are more often congruent or incongruent with unilateral symptoms in a population of workers submitting claims and, (2) if there is an association between patients' age and disorder of the 10 selected anatomic structures.
Materials and Methods

Study Design
These data were generated as part of a process-improvement project. When the decision was made to analyze and publish the data, all protected health information was removed from the dataset. Secondary data analysis of this deidentified dataset was deemed exempt from institutional review board overview.
Businesses and firms in Texas may elect to opt out of state-run workers compensation programs, and obtain coverage from privately administered insurance companies. These companies provide evaluation and management of workplace injuries, and compensation when appropriate. Starting several years ago as part of a process improvement project at one such company, all patients who presented with unilateral knee or shoulder pain attributed to a work injury were studied with MRI of the painful and the asymptomatic joint. In the process-improvement initiative, data were pulled on a consecutive sample of patients who had a knee or shoulder problem. Our inclusion criteria were (1) pain ascribed to a single event at work; (2) unilateral symptoms; (3) no prior surgery on either the knee or shoulder; (4) age 40 years or older; and (5) MRI of bilateral joints on the same date. Patients were excluded if they had radiologic evidence of fracture. Data for 322 patients were retrieved for this study. Thirteen patients were excluded owing to signs of fracture seen on MRI, and 15 patients were excluded because they were younger than 40 years, leaving 294 patients for analysis. Patients had a mean age of 57 years (SD, 8 years) and a mean BMI of 32 kg/m 2 (SD, 7 kg/m 2 ). Slightly more than half were women (151; 51%) and the majority of patients had right-sided symptoms (157; 53%). There were slight differences between the shoulder and knee groups ( Table 1) . These patients are employed by a diverse group of employers across many industries and throughout the state of Texas that did not subscribe to workers compensation. Their care was managed through standard health insurance products and overseen and directed by a company started by one of the authors (MDT).
Response Variables MR images were read by expert musculoskeletal radiologists who were not provided clinical history and were not aware which side was symptomatic. One of four physicians (CB, BB, HF, RM) reviewed each patient's MRI report to determine the degree of involvement of the contralateral joint based on 10 specific anatomic structures. For the shoulder, we included imaging of the supraspinatus tendon, infraspinatus tendon, acromioclavicular joint, glenoid labrum, and biceps tendon. For the knee, we included imaging of the MCL, medial meniscus, lateral meniscus, ACL, and PCL. Abnormalities, as identified by the radiologist (eg, defect size or degree of signal change), were considered congruent if the abnormalities of one or more structures on the symptomatic side were greater than those of the corresponding structures in the asymptomatic joint.
Statistical Analysis
To test whether congruent MRI findings were seen more frequently than incongruent features, chi-square tests were performed. Student's t-tests or Mann-Whitney U tests were performed for each structure to compare the mean age of patients with and without abnormalities observed on MRI. Bivariate logistic regressions were used to identify factors independently associated with pathologic features. Odds ratios and 95% CIs are reported. All statistical analyses were performed with Stata 1 14 (StataCorp, College Station, TX, USA).
Post hoc power analyses of the bivariate analysis were performed using G * Power 3.1.9.2 (Universitat Dusseldorf, Dusseldorf, Germany) assuming a two-sided significance level of 0.05 [7] . Post hoc power was 7% in the shoulder and 23% in the knee.
Results
Congruency of MRI Findings
We found no evidence on MRI for worse changes on the injured versus uninjured side in patients with either shoulder or knee symptoms. MRI findings congruent with unilateral shoulder symptoms were observed in 90 of 189 patients (48%), while MRI findings incongruent with symptoms were observed in 99 of 189 patients (52%; p = 0.36). In the knee, MRI findings congruent with symptoms were observed in 45 of 105 (43%) patients, while 60 of 105 (57%; p = 0.038) patients had structural changes incongruent with symptoms (Table 2) . Abnormalities were seen in 99% of symptomatic shoulders (188 of 189) and 98% of asymptomatic shoulders (186 of 189). In the knee, abnormalities were seen in 87% of symptomatic knees (91 of 105) and 79% of asymptomatic knees (83 of 105). We found that age, gender, BMI, and laterality of symptoms were not independently associated with congruent structural changes in the shoulder (Table 3 ) or the knee (Table 4) .
Association Between Age and MRI Findings
Older patients with shoulder symptoms were more likely to have MRI findings of structural changes than younger patients, but there was no association between age and structural changes in patients with knee symptoms. Patients with changes in the infraspinatus tendon, glenoid labrum, and biceps tendon were older than patients without features in these structures (Table 5) .
Discussion
Given that MRI signal changes of the shoulder and knee are increasingly prevalent with age regardless of symptomatology, considering newly symptomatic joints with MRI signal changes as injuries related to an acute traumatic event may not be accurate. The distinction between new pathophysiology and newly symptomatic preexisting pathophysiology is nuanced, but most observers would accept that if the pathologic features are either less or equal in the symptomatic compared with the asymptomatic shoulder or knee, then the problem can likely be attributed to atraumatic age-related changes. This analysis of a unique dataset of a diverse population of patients, in whom bilateral MRI was routine, sought to determine whether new symptoms in the shoulder or knee that occurred at work are associated with asymmetric structural changes on bilateral MRI. We also assessed the relationship between structural changes and patient age. This study has limitations. This study evaluated MR images from a convenience sample of patients with occupational injuries in urban and rural Texas; all of the patients were older than 40 years, and the gender distribution was fairly even between men and women. Our findings should be interpreted cautiously in populations dissimilar to ours. The interpretation of radiology reports by each physician introduces a source of potential bias. We audited the accuracy of the reports but could not control for consistency of interpretation or rating of ''severity'' of MRI findings. However, our simplistic classification (normal versus abnormal) is likely to be highly reliable. This study design also lends real-world relevance to our study. Next, we had no information available regarding the nature of the injury or work involved. One strength of the study is that this was a population of patients in whom bilateral MRI was used routinely-there was no bias in the decision regarding when to order MRI of the uninvolved shoulder or knee. A post hoc power analysis showed that even the largest samples of congruent pathologic features were too small to test the hypotheses adequately. If the difference observed in the knee was, in truth, the actual difference, we would need approximately 500 patients to detect significance with a power of 80%. In other words, the effect size here, if any, is small. Similarly, the analyses of the secondary research question were hindered by substantial skewing of the data. We found no difference between the frequency of congruent MRI findings in the shoulder and the frequency of incongruent MRI findings. Indeed, among this convenience sample of occupational injury claims filed for patients with new unilateral shoulder symptoms, structural changes that were worse on the asymptomatic side or equal bilaterally were observed more than half the time. Previous studies have shown that the prevalence of abnormalities in the shoulder is high in the general population and that the presence of MRI changes does not necessarily correlate with symptoms. Gill et al. [8] reported an equal prevalence of shoulder disorders in people with current shoulder pain, a history of shoulder pain, and people who have never had shoulder pain. In a systematic review, Teunis et al. [18] found that 56% of asymptomatic patients 80 years and older had rotator cuff abnormalities. Such a high prevalence of asymptomatic change makes it difficult to associate pathophysiology with shoulder symptoms and to assume that new symptoms indicate new pathophysiology [18] . The concept that most shoulder and knee pathophysiology in symptomatic workers is likely the result of age-appropriate changes is reinforced by our findings that MRI of the contralateral shoulder or knee often shows similar or greater pathophysiology on the asymptomatic joint.
In the knee, congruent MRI findings were observed less often than incongruent MRI findings. The same principles hold as in the shoulder and are supported by previous studies. Englund et al. [6] found an overall prevalence of meniscal abnormalities in 35% of patients sampled from the general population, 61% of whom had no clinical symptoms in the past month. Boks et al. [2] found that 42% of patients with knee pain had meniscal changes on the symptomatic side and 12% had changes on the contralateral knee with no changes on the symptomatic side. Overall, 63% with symptomatic meniscal changes showed asymptomatic contralateral meniscal changes as well [2] . Given the high prevalence of asymptomatic meniscal signal changes, congruent MRI findings do not establish causation; rather, it is likely that MRI is merely revealing existing, underlying structural changes. While conventional thinking would suggest that the severity of the meniscal abnormality might influence severity of symptoms, recent evidence questions whether mechanical symptoms can be attributed to meniscal changes. For instance, a post hoc analysis of a randomized controlled trial found no difference in outcomes between sham surgery and meniscectomy in patients with catching and locking [16, 17] . Therefore, perhaps differentiating between displaced flaps and anterior horn fraying may not be clinically necessary when considering first line, nonoperative management of degenerative meniscal changes in middle-aged and older patients, especially since defects such as bucket-handle tears are less likely in this population.
Our finding that age was independently associated with MRI findings in the shoulder is consistent with previous research in asymptomatic individuals with no history of injury. Sher et al. [15] reported an increasing prevalence of rotator cuff defects with age, in which up to 54% of individuals older than 60 years had a partial-or full-thickness defect, whereas no patients younger than 39 years did. Teunis et al. [18] similarly found a prevalence of abnormalities in up to 62% of patients 80 years and older. An understanding of the natural history of changes that occur in the shoulder with age is helpful when assessing patients with shoulder symptoms.
There was no association between age and MRI findings in any of the five structures of the knee. This finding is counter to previous studies. Englund et al. [6] reported that the prevalence of meniscus changes ranges from 32% and 19% in men and women 50 to 59 years old, respectively, to 56% and 51% in men and women 70 to 90 years old. Our results likely differ owing to the skewing of our sample. The median age of patients with knee symptoms in our study was 54 years, and 79% of patients with knee symptoms were younger than 60 years.
Humans tend to interpret nociception (the pathophysiology of actual or potential tissue damage) as injury, but a substantial proportion of musculoskeletal nociception is degenerative or idiopathic. The pain intensity for a given nociception is determined largely by psychosocial factors. For instance, an older laborer with limited education wondering how he will make a living if his aging body is less suited for heavy work will have more pain with this realization than when he is confident and focused on his work. Limb pain often is nonspecific and difficult to associate with discrete pathophysiology [11] . Confidently ascribing structural changes detected on MRI to a specific mechanism or event is difficult, especially given that signal changes are so common after age 40 years. Notably, extensive evidence of an increasing rate of age-related asymptomatic signal changes has not greatly influenced our tendency to misinterpret and mislabel these changes. Misinterpretation of newly symptomatic degenerative pathophysiology as an injury can affect management and recovery, particularly when the symptoms occur at work. Referring to signal changes on MRI as a tear or injury reinforces these misconceptions.
Patients with newly symptomatic knees and shoulders are more likely to have expected age-related changes than acute injuries. MRI is not helpful and should be avoided unless there is a high probability (based on circumstances, symptoms, and examination) of pathophysiology that will benefit from surgery. In particular, the utility of MRI data should be carefully considered in patients older than 40 years submitting work claims, as age-related changes can easily be misinterpreted as acute injuries.
